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Abstract: A statistical technique called correlation analysis is used to determine the 
link between two variables and gauge how strongly two variables are linearly related. The 
degree of change in one variable as a result of the other’s change is determined via correlation 
analysis. The correlation coefficient is one of the statistical ideas that are most relevant to 
this kind of investigation. The correlation coefficient, which is easily recognized by its sym- 
bol r and typical value without units falling between 1 and -1, is the unit of measurement 
used to determine the intensity of the linear relationship between the variables included in 
correlation analysis. One of the best at representing completely ambiguous and uncertain 
information is the Fermatean fuzzy set. In this research, we present correlation coefficients 
and weighted correlation coefficient formulations to evaluate the relationship between two 
Fermatean fuzzy hypersoft sets, taking into account that the correlation coefficient plays 
a significant role in statistics and engineering disciplines. The Fermatean fuzzy hypersoft 
set is a parameterized family that deals with the subattributes of the parameters and is 
an appropriate extension of the Fermatean fuzzy soft set. It is also the generalization of 
the intuitionistic fuzzy hypersoft set and the Pythagorean fuzzy hypersoft set, which are 
used to accurately assess insufficiency, anxiety, and uncertainties in decision-making. The 
Fermatean fuzzy hypersoft set can accommodate more uncertainties compared to the in- 
tuitionistic fuzzy hypersoft set and Pythagorean fuzzy hypersoft set, and it is the most 
substantial methodology to describe fuzzy information in the decision-making process. One 
of the aims of this study is to give Fermatean fuzzy hypersoft sets and to examine their 
basic properties. The second objective of this study is to develop the notion and features of 
the correlation coefficient and the weighted correlation coefficient for the Fermatean fuzzy 
hypersoft set and to introduce the aggregation operators such as Fermatean fuzzy hyper- 
soft weighted average and Fermatean fuzzy hypersoft weighted geometric operators under 
the Fermatean fuzzy hypersoft set scenario. A prioritization technique for order preference 
by similarity to the ideal solution (TOPSIS) under Fermatean fuzzy hypersoft set based 
on correlation coefficients and weighted correlation coefficients is presented. Through the 
developed methodology, a technique for solving the multi-attribute group decision-making 
problem is planned. In addition, examples of medical decision-making are presented for the 
importance and application of the developed methodology. 


Keywords: Fermatean fuzzy hypersoft set, correlation coefficients, informational en- 
ergy, group decision-making, TOPSIS, medical decision-making. 


1 Introduction 


1.1 Multi-criteria decision-making and uncertainty 


Cognitive science, philosophy, artificial intelligence, and psychology are just a few of the 
academic disciplines that study how people think and make decisions in everyday situa- 


tions. Several mathematical and statistical models are frequently used to characterize these 
processes. The issue of decision-making (DM) emerges during this procedure. DM is the 
process of choosing one or more of the available possibilities for action when a person or 
organization is striving to achieve a specified objective. In real life, although many every- 
day decisions can be made instinctively, it is a well-known fact that complex and critical 
decisions require more thought. For making such complex decisions, Multi-Criteria Deci- 
sion Making (MCDM) is a set of analytical tools that evaluate the benefits and drawbacks 
of various options based on various criteria. MCDM techniques are used to select one or 
more alternatives from a collection of alternatives with varying characteristics according to 
competing criteria or to rank these alternatives to aid the DM process. In other words, 
decision-makers use MCDM techniques to rank options based on various characteristics by 
comparing them to multiple criteria. In other words, MCDM is a set of procedures that are 
used every day at all levels and in all aspects of life. 


MCDM is based on the handle of modeling the decision procedure using criteria and ana- 
lyzing the decision maker in such a way that the benefit obtained at the end of the process is 
maximized. Assume you are in the process of making a home purchase decision. You should 
be asked to evaluate the two house options available to you based on two criteria, such as 
price and house size, and make a decision. In such a decision problem, a simple comparison 
can be used to select the alternative that will provide you with the greatest benefit (the 
house with the greatest area at the lowest price) without resorting to any decision-making 
method. However, if we apply the problem of buying a house to real life, we can predict 
that the number of alternatives will be much greater than two, and the number of criteria 
you must consider during the buying process will be much greater. In this case, you will be 
unable to conduct logical tests in order to make an effective decision, and making decisions 
based on intuition will not yield very productive results. In such a case, utilizing a scientific 
decision support system to aid your decision-making process will allow you to obtain an 
effective output as a result of the DM process. The decision problem described above on a 
simple example becomes more complex in real life, particularly in the decision processes of 
businesses, hospitals, and disease diagnosis, economies, and government plans, and becomes 
more important in terms of costs when it is resolved. The MCDM approaches proposed for 
use in this type of decision problem include approaches and methods that attempt to find the 
”best/suitable” solution that meets more than one conflicting criterion. The best solution 
is the decision made as a result of the decision process that provides the greatest benefit 
at the lowest cost. To overcome such issues, decision-makers can use MCDM techniques to 
make deterministic and, thus, more effective decisions. MCDM is a collection of strategies 
that are widely employed in all aspects of life and at all levels. 


Uncertainty is a key notion in DM problems. Unpredictable events characterize uncer- 
tainty. In uncertain circumstances, routine decisions cannot be debated. In ambiguous 
situations, it is critical to weigh both the benefits and drawbacks of potential outcomes. 
It is critical at this point to conduct a thorough examination of the environmental factors. 
Even when future judgments are uncontested, drawing on prior experiences and decisions is 
not always successful when there is uncertainty. Because of Zadeh’s concept of ” fuzzy sets” 
(FS) [51], everyday linguistic phrases have become ”computable.” Thanks to fuzzy logic, the 
grading system was able to expand the area of classical mathematics that was previously 
limited to certainty. As a result of its effective implementation in everyday situations, this 
concept prompted a paradigm change that expanded throughout the world. A distinct func- 
tion element is either an element of a set in the conventional sense or it is not. According 
to the FS concept, the membership function (MF), which assigns each item a degree of 
membership in the range [0, 1], determines whether or not an apple is a member of a set. 


The degree to which an element belongs to a set in FS A is p(A), while the degree to 
which it does not belong is 1— (A). However, in a number of cases, this condition falls short 
of fully addressing the uncertainty. As a result, Atanassov [I] developed the intuitionistic 
fuzzy set (IFS) theory as an extension to the FS theory. In addition to the membership 
degree (MD), IFS theory specifies the non-membership degree (ND), whereas FS theory 
only reveals the membership degree (MD)(€é [0, 1]). In the theory of IFS, MD and ND are 
both in the [0,1] range. Yager [46] proposed Pythagorean fuzzy sets (PFS) as an extension 
of IFSs in some cases because IFSs cannot adequately represent uncertainty. PFSs are based 
on the idea that IM D?+ND? < 1. There is a lot of study on FS and its numerous expansions 


in the literature((6 11 8S) £0) G3) 14 B2) B3) 50)). 


1.2 Correlation Coefficients 


Any statistical relationship, whether causal or not, between two random variables or bivari- 
ate data is referred to as correlation or dependence. Although the term correlation” can 
apply to any sort of link, it is most commonly used in statistics to describe the degree to 
which two variables are linearly connected. As a result, in correlation research, the correla- 
tion coefficient (i i‘) is the exact measurement used to determine the power of the linear link 
between 2 variables. Correlations are useful because they can forecast a relationship that can 
be used in practice. In general, the appearance of a correlation does not imply the presence 
of a causal relationship (i.e., a correlation does not imply causation). If random variables 
do not meet a mathematical characteristic known as probabilistic independence, they are 
called dependent. Correlation is often used interchangeably with dependence. When used 
in a technical sense, correlation refers to any of many distinct types of mathematical op- 
erations conducted between the tested variables and their corresponding predicted values. 
A correlation is a measure of co-change. We can use this statistical method to determine 
the strength and direction of a relationship between two or more variables. The letter r 
represents the letter KK. According to mathematics, the KK can have values ranging from 
—1 to +1. The direction of the link between the two variables is indicated by the sign of 
this coefficient and the degree of correlation between the two variables. Consider the recip- 
rocal connection to gain an understanding of the correlation. A correlation is a reciprocal 
relationship that can represent the difference or resemblance between two variables rather 
than a cause-and-effect relationship. Because of correlation, if the relationship between the 
variables is known, the other can be estimated by studying the value of one variable, or the 
values of the connected variables can be maximized if the influencing factors are managed. 


When there are more than two variables, a KK is a multivariate statistic; when there 
are only two variables, it is a bivariate statistic. As a result, several fields of study have 
emerged, ranging from engineering to physics, and from medicine to economics. Existing 
probabilistic approaches have several benefits but also drawbacks. Probabilistic techniques, 
for example, achieve the required confidence level by collecting large amounts of random 
data. The complex system, on the other hand, has widespread fuzzy uncertainty, making it 
impossible to predict every possible outcome of the events. Because specialists can only act 
on numerical information, probabilistic outcomes may not always give helpful information. 
Furthermore, there are times when there is insufficient data to operate parameter statistics 
appropriately in day-to-day operations. Because of these constraints, probability theory’s 
conclusions may not always ensure beneficial information to specialists, and the probabilistic 
approximation is thus insufficient to account for the underlying uncertainties in the data. 
There are several approaches to overcoming these obstacles. Methods based on FS theory 
are among the most successful outcomes of these alternatives for reducing uncertainties and 


imprecision in DM. 


Finding a KK between any two parameters or variables is a fairly common statistical 
task. Pearson’s KK has been used in data processing and categorization, pattern recog- 
nition, clustering, medical diagnosis, and decision-making statistics research. It has been 
demonstrated that classical correlation cannot handle ambiguous data. To address and 
quantify ambiguities in human perception and reasoning, the fuzzy logic approach is used. 
Scientists are accustomed to analyzing data using binary logic. Because human logic is 
imprecise and complicated, employing binary logic to study human cognitive processes re- 
sults in some distortion. The foundation of fuzzy logic is human cognitive processes. The 
modeling of thinking and decision mechanisms that enables people to reach consistent and 
correct conclusions in the face of incomplete and inaccurate information is one definition 
of fuzzy logic. The fuzzy type K Ks have been extended with the help of mathematical 
statistics, statistical K Ks, and the fuzzy logic method. The KK generated for fuzzy data 
not only displays the degree of association between FSs, but also whether they are favorably 
or negatively connected. 


1.3. Motivation 


In decision-making situations, tools such as aggregation operators and information mea- 
sures are routinely employed. The K Ks assessment of the amount of dependence between 
two sets may also be used to choose the optimal alternative. Using K Ks, one may deter- 
mine how strongly two variables are related. Because the information in various settings 
is typically unclear, ambiguous, and partial, numerous scholars have created K Ks in fuzzy 
environments. Chiang and Lin |2] developed a strategy for KK of FSs in addition to pro- 
viding the correlation for fuzzy information in line with traditional statistics. The KK of 
fuzzy information has been examined in [24] using a mathematical programming approx- 
imation, according to the standard notion of kK Ks. According to the findings of the FS 
theory, Atanassov claimed that IFS results were more complete and precise. The IFS 
theory considers both MD and ND, and it demands that their sum be one or less than one. 
The IFS-derived K Ks have a variety of applications, including DM, cluster analysis, image 
processing, pattern recognition, and so on ([23], [41], [42], [43], [44]). Several DM problems 
utilizing Pythagorean fuzzy information have been described in the literature as a result of 


the PFS ({13], [72], [31], [32], (45), [46], [47], [53)), which was designed to address an IFS issue. 


Many area experts and scholars have expressed interest in the PFS model since its 
creation. For example, Yager and Abbasov, for example, examined the relationship be- 
tween Pythagorean MGs and complex numbers. Zhang and Xu developed an extended 
Pythagorean fuzzy TOPSIS model to address various MCDM situations utilizing Pythagorean 
fuzzy data. Furthermore, it offers a wide range of possible applications, including domestic 
airline service quality, DM, and so on. However, in other cases, the PFS strategy could not 
be approved. Consider an expert team that was separated into two groups. The first team 
of experts estimates the MD to be 0.9, whereas the second team estimates the ND to be 0.8. 
It is obvious that 0.92 + 0.82 is larger than one. The IFS and PFS were unable to depict 
this circumstance. 


Senapati and Yager [84] developed the concept of FFSs as an extension of the IFSs and 
PFSs to address this difficulty. In an FFS, the cubic sum of an object’s MD and ND is 
limited by 1 (0 < MD? + ND? < 1). Consider 0.9+ 0.6 > 1, (0.9)? + (0.6)? > 1, and 
(0.9)? + (0.6)? < 1 as examples. That is because the total of the cubes of the MD and 
ND of FFSs is in the [0,1], FFSs give a more comprehensive view for FSs. When dealing 


with unclear data, FFSs are more adaptable and efficient than IFSs and PFSs. FFS is now 
playing an important role in a variety of disciplines since it is a strong notion for dealing 
with imprecise and unclear information in a Fermatean fuzzy environment. 


Some FFS characteristics, score, and accuracy functions are provided in [34]. Addition- 
ally, the TOPSIS approach, which is widely used to solve MCDM issues, has been employed 
to solve FFS. Additionally, Senapati and Yager have used the TOPSIS method, which 
is often used in MCDM issues, to solve FFS difficulties. Senapati and Yager [35] continued 
this work by investigating a number of additional operations including arithmetic mean op- 
erations over FFSs in addition to using the FF weighted product model to address MCDM 
issues. New aggregation operations that are FFS-related have been described and their as- 
sociated attributes have been looked at in |36). 


Shahzadi and Akram [37] developed the new aggregated operators and a decision support 
algorithm for the FFSS. Garg et al. [10] introduced novel FFS types of aggregated opera- 
tors defined by t-norm and t-conorm. In their investigation, Donghai et al. propose the 
notion of FF linguistic word sets. These sets’ operations, scoring, and accuracy functions 
were provided. In [4], a new similarity metric for FF linguistic word sets is developed. The 
new metric is a hybrid of the Euclidean distance measure and the cosine similarity measure. 
Kirisci [20] designed FF soft sets and provided an entropy metric based on them. In [18], 
a novel hesitant fuzzy set known as the ”fermatean hesitant fuzzy set” is presented and 
its properties are studied. Kirisci and Simsek offer aggregation operations to extend 
FFHSs to interval-valued Fermatean hesitant fuzzy sets (IVFHFS) and to improve MCGDM 
methods to IVFHF environments. The ELECTRE I approach is defined in [15] using Fer- 
matean fuzzy sets and the group DM process, in which more than one individual engages at 
the same time. defines many FF reference relations (consistent, incomplete, consistent 
incomplete, acceptable incomplete). A priority vector-based additive consistency has been 
provided. In addition, a methodology for obtaining missing judgments in incomplete FF 
preference relations is described. Garg et al. [10] examined decision-making analysis using 
Fermatean fuzzy Yager aggregation operators (for use in coronavirus disease 2019 (COVID- 
19) testing facilities). Yang et al. [49] addressed Fermatean fuzzy function differential cal- 
culus. Shahzadi and Akram created a unique DM paradigm based on Fermatean fuzzy 
soft information to pick an antiviral mask. Furthermore, in a Fermatean fuzzy environment, 
Akram et al. [38] suggested an unique DM approach for selecting an efficient sanitizer to 
decrease COVID-19. Based on the linguistic scale function, Liu et al. [25] established the 
idea of distance measures for Fermatean fuzzy linguistic word sets. Their application in the 
creation of TODIM and TOPSIS approaches exemplifies this. 


The originality: 

Fuzzy KK, IF KK, and PF KK are examples of expansions to the classical kK Ks. The 
K Ks’ performance has increased as a result of these extensions. FFSs can handle ambigu- 
ity and partial information problems more effectively than IFSs and PFSs (Figure [ip. In 
this study, first of all, the concept of the FFHS is introduced and its basic properties are 
examined. Secondly, new K Ks based on FFHSS were defined and the theoretical basis of 
these coefficients was demonstrated. The reason for using FFSs to define new correlation 
coefficients is that since the MD?+ ND? < 1 requirement for an object is met, it is likely to 
cover more items than IFSs and PFSs. The MCGDM algorithm was produced by combining 
the new K Ks and the TOPSIS method, and an example for the selection of hip prosthesis 
materials is given to demonstrate the operability and reliability of the method. K Ks given 
in previous studies and K Ks defined in this study were compared. 


ze+ty=1 
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Figure 1: Comparison of FFSs, PFSs and IFSs 


The organization of this work’s structure: Fundamental ideas and findings from 
the concept of HSSs are given in Section 2. The new FFHSSs, which are an extension of the 
FFSS and also a parameterized family that deals with the sub-attributes of the parameters 
are given in the third chapter, and their properties are examined in detail. The informational 
energies, correlations, K Ks, and weighted K K's of FFHSSs are defined in Section 4. Section 
5 presents a prioritizing strategy based on K Ks and weighted K Ks for order preference by 
the resemblance to the ideal solution (TOPSIS) under FFHSS. An approach for tackling 
MCGDM issues is envisaged using the described approach. The 6th chapter is based on 
an illustrative example of our new method. In this section, a study was carried out on 
the selection of hip prosthesis materials. A comparison of the new method with previous 
methods is made in Section 7 and this section is concluded with a subsection explaining the 
superiority of the new method. 


2 Preliminaries 


Throughout the article, 4, and € will be used as a universe and as a set of attributes, 
respectively. 


Definition 2.1. [28] Fy is called a SS over MU, where F : & > P(U), H C E, and P(M) 
is the power set of L. 


SS can also be written as: 
Fy = {F(e)€ P(U):e€e,F(e)=V,ifeg fH}. (1) 


Maji et al. [26] investigated SS and FS and proposed a more extended form to handle 
uncertainty in comparison to current FS and SS, as well as its unique properties. This is 
sometimes referred to as a fuzzy soft set (FSS), which is a mix of FS and SS. 


Definition 2.2. [26/ Fy is called a FSS over U, where F : & > F(M), H C E, and 
P(S) is a collection of all fuzzy subsets of SL. 


Definition 2.3. [{0] Let a = {a1,Q2,--- ,Qn} (n > 1) be a set of attributes, and set 
dX; be a set of corresponding sub-attributes of a;, respectively, with 4; 4; = yp forn > 1 
Vi,g € {1,2,--- ,n}, andi #7. Consider X) x Xp +++ xX Up = GH = {Mp X Moy X+ ++ X Mnz} 
be a collection of multi-attributes, (1<p<a,1<r<b, andl <s<canda,b,cEN), 
and P(X) is a power set of U. Therefore, FS, x05x--xd,—a 18 called a HSS, where 


F:0 1 x Le X +++ xX Lp =A PUM). (2) 
HSS can also be written as: 


Fz = {(m,F(@)(m)):me a, F(@)(m) € PU}. (3) 


Definition 2.4. Let a = {a1,Q2,:-- ,an} (n > 1) be a set of attributes, and set dj 
be a set of corresponding sub-attributes of a;, respectively, with 4; 4; = y forn > 1 
Vi,g € {1,2,---,n}, andi #7. Consider X) x Xp +++ xX Up = GM = {Mp X Mor X+++X Mnz} 
be a collection of multi-attributes, (1<p<a,1<r<b, andl <s<canda,b,cE N), 
and P* is a collection of all fuzzy subset of U. Therefore, FS, x5ox--xE,=a 1S said to be 
fuzzy HSS(FHSS), where 


Foy x Boxe XE, Hw oS PH (4) 


FHSS can also be written as: 
Fz = {(m,F(@)(m)):m€ @,F(@)(m) € P*}. (5) 


Definition 2.5. Let a = {a1,Q2,°-- ,an} (n > 1) be a set of attributes, and set Xj 
be a set of corresponding sub-attributes of a;, respectively, with 4; 4; = y forn = 1 
Vi,g € {1,2,---,n}, andi #7. Consider Uy x Xp +++ xX Up = GM = {Mp X Moy X +++ X Mnz} 
be a collection of multi-attributes, (1<p<a,1<r<b, andl <s<canda,b,cE N), 
and IFS“ is a collection of all intuitionistic fuzzy subset of U. Therefore, Fo, x%5x--x Dna 
is said to be intuitionistic fuzzy HSS(IFHSS), where 


Fit, x Mg X +++ X Ey = WO IPS", (6) 


It can be also given as 


FZ = {(m,F(@)(m)):me of, F(a)(m) € IFS"). (7) 
where F(.o/)(1)) = {A, Crumy(A), Meum) (A U\, in which Crom) (A) and Nr(m)(A) show 
the MV and ee of the attributes such as ae yA ), NF (m) (A) € [0,1], and 0 < Crim(A) a 


For Y = {(2,y): 2,y € [0,1],23 + y? < 1}, let (Y,xv) denotes a complete lattice, 
where xv is the corresponding partial order with (x,y) xv (m,n) & x X mandy < n 
for all (x,y), (m,n) € Y. The ordered pair (x,y) € # is said to be FF value(FFV) or FF 
number(PFN). 


According to the definition of complete lattice, the FFS can be given as: 


Lett 9:U> FY bea Y-fuzzy set. Then, the FFS F(a) = {(a,¢g(a),ng(a)) : a € UY 
can be identified as (a) = (Cg(a),ng(a)) for all a € U. 


3 Fermatean Fuzzy Hypersoft Sets 


In this section, we present FFHSS and some fundamental operations with their characteris- 
tics under the FFHS environment. 


Definition 3.1. Let a = {a1,Q2,--:,Qn} (n > 1) be a set of attributes, and set Xi; 
be a set of corresponding sub-attributes of a;, respectively, with 4; 4; = y forn > 1 
Vi,g € {1,2,---,n}, andi #7. Consider U1 x Xp X-+ +X Dp = GM = {Mp X Mor X+ ++ X Mrz} 
be a collection of multi-attributes, (1<p<a,1<r<b, andl <s<canda,b,cEN), 


and FF'S" is a collection of all fermatean fuzzy subset of UL. Therefore, Fs, x59x--xS,=a 
is said to be Fermatean fuzzy HSS(FFHSS), where 


Pi3y x Bg X +++ X Dy =e > FPS", (8) 


It also be defined as: 


Fz = {(m,F(@)(m)):me A, F(@)(m) € FFS"}. (9) 


where F(&)(m)) = {A, Ceum)(A), Neu) (A): 6 € WY}, in which Crom)(A) and Nr~my(A) show 
the MV and NV of the attributes such as Cram)(A), Nr~ny(A) € (0, 1], and 0 < Cramy(A)? + 
Nem) (A)? < 1. 


Example 3.2. Let = {A1, A2} be the universe of discourse. 
The collection of attributes denoted by Y = {technology methodolgy, subjects, classes} = 
{L,, Lo, L3}. Their corresponding attribute values given as 


L, = {project base, class discussion} = {m1,™m42} 
£2 = { Mathematics, Computer Science, Statistics} = {m21, M22, M23} 
£3 = { Masters, Doctoral} = {m11,m1i2} 


Let J = L, x L2 x L3 be a set of attributes: 


1 xX Lo x L3 = {N11, N12} x {ne1, N22, Ne} x {ni1, N12} 


“fin N11, 21,731), (11, 221,732), (M11, N22, 231), (M11, N22, M32), (M11, M23, 731), (M11, 723,32), 


(mia, mai, msi), (mia, mai, M32), (mia, ™m22, msi), (mie, ™m22, ms32), (mia, m3, ms31), (mie, ™23, moa) 


= {M1,M2,™M3, m4, 5, 76, 77, Mg, Mg, 710,711, m2}. 


Then, the FFHSS over SU is given as follows: 


), (Aa, (0.2, 0.6))) 
), Az, (0.3, 0.8))) , 
(m5, (A1, (0 5, 0.5) ), (m6, Ar, (0.3.0 8)), (Az, (0.2, 0.8))) 
(Fv, (X14 (0.3, 0.6)), (a, (0.5,0.3))) (Fe, (X14 (0.5, 0.7), (ha, (0.3, 0.2))) 
(1ma9, (An, (0-5,0.7)), (Az, (0.4, 0.8))) , (rit10, (At, (0.5, 0.7)), (Az, (0.8, 0.3))) 
(vitrs, (An, (0.5,0.7)), (Az, (0.4, 0.6))) , (axa, (An, (0.3, 0.7), (Az, (0.3,0.7))) } 


( 
( 


] 


Remark. (1) If both (Cr(m)(A))® + (Geom (A))® < 1 and (Crim (6))? + (Crim (0))? < 1 
hold, then FFHSS as reduced to PFHSS [53y. 


(2) If (Ceomy(A))® + (Ceumy(A))® < 1 and each parameter of the set of attributes consists 
of no sub-attribute, then FFHSS was reduced to FFSS [20]. 


(3) If both (Crom (A))? + (Crcmy(A))? < 1 and (Cevmy(A))? + (Crumy(A))? < 1 hold and a 
set of attributes contains only one parameter with no sub-attributes, then FFHSS was 
reduced PFSS [31j. 


Definition 3.3. Let Fz and Gg be two FFHSS over XU. 


(i.) For Crcm(A) < acm) and nrmm)(A) < nem), A € UL, if 


b. F3(a)(A) © Gg(a)(A) for all A € U, 


then FZ is called a FFHS subset of Gg. 


(ii.) If Ge~ny(A) = 0, and nrim)(A) = 1 for allme & and X EU, (OG = {m, (A, (0, 1)) : 
AE Um € A} is called empty FFHSS(denoted by Orin) (A)). 


(iit.) If Ceom(A) = 1, and nrgy(A) = 0 for all m € MW and € &Y, (Eg = 
{m, (A, (1,0)) : A € Um € L} is called universal FFHSS(denoted by Ep) (A)). 


(iv.) If for all € Mand m € U, Croan) = Cagqny(A) and npzum)(A) = nezm)(), 
then FZ and Gg 1s called equal FFHSS. 


Theorem 3.4. Let Fz, Gg and Hz be three FFHSS over the universe U. Hence 
(i.) Fa C Eg, 
(u.) 3 C Fa, 


(i.) Foy C Gg and Gg C He => Fy C Ag. 


Proof. (i.) FZ € Ez, since Cry(m) (A) Caz(m) (A) = 1 and NF(m) (A) = NGz(m) (A) = 0 

Vin € @, NEM. i” 

Gi) te C Fz, since 0 = Cr(m) (A) < CGa(m) (A) and 1 = NF(m) (A) = NGa(m) (A) Vm € A, 
€ 

(Gii.) Fo Cg > Crymm(A) S Cegcm)(A) and ee eae NF 

Therefore, Cg5(m)(A) < Cag(m)(A) and nHo(m)(A) = Nag(m)) 

have FZ ie Hz. 


Fa(n (A) Vn € &@, XE LU. 
Vin € A, X € UL. Hence, we 


Definition 3.5. Let Fy = {(m,[A, Crom) (A), nro) (A)] 1 A € LY) sm € A} be a FFHSS 
over UM. FS = {(m, [A, nea) (A), Gran) (A)] 2 AE MW) sme @} is called complement of Fz. 


Proposition 3.6. [f Fz be a FFHSS, then 


wi. OF = EG 
i. ES = 07 


Proof. We will only prove the item (i.). The items (ii.) and (iii.) can be easily proved as 
similar to (i.) 


(A)] :\ € S) : mh € A} be a FFHSS over Lf. Then, the 


m) 
ae [5 TR(m) (A), TH(m)(A)] : A € LD): m E A}. Again 
(m7, [Ay Or (nm) (A); TR) (A)] : A € LW) : Tr € &}. Hence 


Let FZ = {(m, [A, or (ny (A),T. 
using Definition we have F: 


using the Definition 5] (FS)° 
(FS)° = Fy. 


a 


{ 
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Definition 3.7. Let Fz and Gg be two FFHSS over U. The union of Fz and Gg is 
given as: 


F(m) , if maced-B 
CH(in)(A) = | Gm) , if mE B-a (11) 
max{F(m),G(m)} , if meaWnB 


F(m) , if mEeWD-B 
iesON= Gin) , if meB-H (12) 
minf{F(m),G(m)} , if mMmEANA 
Definition 3.8. Let FZ and Gg be two FFHSS over U. The intersection of Fz and Gg 
as given as: 


Fim) , if nead—-B 
cna | Gin) , if meB-aD (14) 
min{F(m),G(m)} , if mEAHNB 
F(@) , if a€¢€Wd-B 
nH(a)(6) = | Ga) , if 4©B-a (15) 
max{F(a),G(a)} , if @4€E ANZ 


Definition 3.9. Let 7, BCE, C =AVH #0, F CG, and FZ C Gg. The restricted 
union of Fz and Gg is characterized by (FjU,G 


H=F>U,Gz 

Ca(m) (A) = max{Crom (A), Sec ( 

NH(m)(A) = min{ne(m) (A), Naim) A) 
Definition 3.10. Let 7, A CE,€C =AUH #0, F CG, FZ C Gg. The restricted 

union of Fz and Gg is defined as FZ0,Gg = MG such that 

Mg = Fyn, Gg 

Cum) (A) = min{ Cru (A), Ca~m (A) }s 

Nu(m)(A) = max{nr(m) (A), Nac) (A) }- 


Definition 3.11. For two FFHSS FZ and Gg , the ”OR” operation on FZ and Gg is 
described as 


EA Vv Gg) = Hct ett CB = eee a x b) 
(4,m x ir) = Fm U OBey? Vinxnlbe ax B 
= {{max(Cron)), Ceo}, {min(nr(m)), Nem}: AE VU, m,n € A, BS 
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Definition 3.12. For two FFHSS FZ and Gg , the ”AND” operation on Fz and Gg 
is denoted as 


oO 


iy ‘ GZ = KH verlinesnt <B = (K, a x b) 


where 


(K,m x ir) FZ, UG, Vinrxn)e AxXB 
= {{min(Crun)), eum}, {max(nr~m)), Nem}: AE UV, m,n € A,B} 


Proposition 3.13. For three FFHSS Fz, Gg, and Hz, 


i. FzV Gg = Gg Fz, 


ii. Fz \Gg = Gg Fz, 


wi. FZV |GgV He] = [Fa V Gal V Ae, 


tu. FZ A |GgA He] = [Fo A Gal A de, 

v. [Fo V Ggl* = FUNG?) 
a. (FZ A Gg = FSV GS. 

Using the Definitions ”OR” and ” AND”, this proposition is easily proved. 


Let Fz be a FFHSS and u,v € [0,1], such that u? + v? < 1. Hence, Fz is called 
(u, v)—constant FFHSS(shown by C&”), if Gegmy = @ and nrc) = 6 Vin. 

Definition 3.14. For three FFHSS F>, Gg, and Hz, 
Gi.) If Fy = oe and ¢(m) =0, n(m) =1 for allin€ A, Fz is said to be a relative null 
FFHSS with respect to & (shown by Fy). 
(a) If Fz = Co and ¢(m) = 1, n(m) =0 for alli € &, (Fz is called a relative whole 
FFHSS with respect to (shown by Fr). 


Obviously, if F = G is taken, Fy and Fg will be null FFHSS and the whole FFHSS. 


Proposition 3.15. For the FFHSSs Fz, and Gg 


i: PWGg =FzGg= ie 


i. Fo Gg Fk Gaga Fa 


at. (FZUFy = FZU, fy = FZ, 


1. FSF = FF, fp = fp. 


Uv. FUOFg = FZ Ur Fe = Fp, 


vt. FSF = FZ O, Fe = Fe. 


Using Definitions [3.1] 3.10} [3.14] this proposition can be easily proved. 
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4 New Coefficients for Fermatean Fuzzy Hypersoft Set 


This section is devoted to the notion of K Ks and weighted kK Ks and some aggregation 
operators on FFHSS. Further, some fundamental characteristics of new K Ks have been 
investigated. 


Definition 4.1. Choose two FFHSSs FZ = {(\i, Crcng) (Ai), MFG) (Ai) : At © LF and 
Gy = {Vi Gace) Ai): Navn) As)) + At € Uf. Then, 


IE(FQZ) = yo Crome) (A r+ + (nr) , (16) 
k=1 i=1 

TE(Gg) = Y2>2 (Ceca sd)? + (nev a))°) - (17) 
k=1 i=1 


are called the informational energies of Fz, and Gg. 


Definition 4.2. Choose two FFHSSs FZ = {(Ai, Crong) (Ai), MFG) (Aa) : Ai © LF and 
Gg = {Oi Cag) Aa) Neg) (Ai) + Ai € Uf. Then, 


C(FasGg) = SO O> (CremyAd)? * (Geom Qd)” + (megan id)” * Neon Od)EP) 


k=1i=1 


is called the correlation measure between Fz, Gg. 


Theorem 4.3. Let FZ = {(Ai, Crd, (Ai) Mem) Aa) | Ad € MY, and GY = {(Ai, Caring) Ai) NE (ng) (Aa) § 
Ai € U} be two FFHSSs. Hence, 
(1) C(Fy, Fa) = IE(F9), 
(2) C(Gg, Gg) = IE(Gg). 


Definition 4.4. Choose two FFHSSs Fz = {(Xi, Cr(mg) Ai)» MFC) (Aa)) : Ac © Uf and 
Gy = {Vis Cac) Aa): Navn) As) + At € Uf. Then, 


_ C(Fa, Gg) 
CC a Ga) = TIES) « TAG we 
= pet ((Crciny(Aa))” * = (As))° + (mens)? * (navinx)(s))’) 
(rm Tier (remy)? + (neo) xian 1 Da (Gory)! + (nemyA))°) 


as called the KK between Fz, Gg. 


Theorem 4.5. Let FZ = {(\i, Cr(ng) (At), MEGng) Aa) ¢ Ac € LU} and Gg) = {(ri, Cacng) Ai), NaGng) i)) 
Ai € U} be two FFHSSs. ee the KK between them, 
(1) 0 < CC(Fy, Gg) < 
(2) CC ((FAGa) = poems ye 
(8) If Fz, Gap, that is, fet each i,k, Cr(my) (Ai) = Cam) (Ai) and Neon) Ai) = NEG) Ai)), 
then CC( FZ, Gg) = 


Proof. It is clear that it is CC(Fz,Gg) = 0. So we need to prove the CC(Fz,Gg) < 1 
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part. Using the Equation [18] 


C( Fy, Gg) 


C( Fy, Gg) 


3 


3 D> ( (Cerny As)? * (Geena (AD)? + (Meg) ))? * (Matmey))”) 
¥ ( (Gey (0) (Couns) + (ety (0) * tn )) 
Ge (vin) (A2))? * (Geainy2))” + (ron) (A2))” * (Magny (A2))”) 
((ceony(n)) * (Gaqrigy(An))? + (nein) n))” * (Nace) An))”) 

( ((Geiy(x))? * (Govan) (2))” + (ne om.)(A1))” * (Nagmy(A1))”) 

( 


(Cegiig)(A1))° * (Covme)(1))° 7 (ne (ivs)(A1)) * (navinz)(1))”) 
((Cr(mim) Qa)” * (Com) (A1))* - (nF(m)(Ar))” * (ne(rim)(2))°) 
( ( (Geri (2))? * (Govan) (A2))” + (nr cny(A2))” * (Nam) (A2))”) 


((Geinay(An))” * (Ceinay(A2))” + Cnir(ma)(2))° * (Navnay(A2))”) 


( (Crim) 2)” * (Cerciiim(A2))* + (ME (im) 2) mn (nacinn)(A2))°) 


( ((Gemsy(An))” * (Gaga) (n))? + (Me (myn)? * (Magy An))”) 
((Gegins)An))” * (Ce(iia)(An))” + (Meiia)(An))” * (navinn)(A2))°) 


((Cir(rim)(An))” * (Com) (An))” ve (nF-(m)(An))” (ne(rim)An))”) 
> (( (Ceci) (Ar))” * (Ce¢mmgy Qa)” + (Gecmgy 2)” * (Gating A2))” + 


k=1 


(Crone) aly * (Cotiag)(An))° 


S- (( (ncn, (A1)) * (nein) Ar)” + (meng) 2)” * (necne)(A2))” + 
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Now we will use the Cauchy-Schwarz inequality, 


m 


[C(Fz, Gg)! 


M 


( ((Crciney(r))° 7 (Cava) Q2))” Pes (Grom) n))°) 


((necmisy1))° + (en) 2)" ++ + (GHW) On))°) 
x ((GavrinyA1))° + Gapiag 2)? +++ + (Gacy) An)" 


+ ((nra¢my())° + (navi) A2))° be + (navinx)(An))") 


C(F7,Gg)” < > ((Crcmuy(Aa))° + (ne(inx)(X))°) 
k=1i=1 
x S- S- (Cavin (A))° Tr (navinny(As))°) 
k=1 i=1 
C(Fz,Gg)? < IE(F 3) x IE(Gz). 


Hence, CC( Fz, Gg) < 1. So O < CC(Fz, Ga) < 1 
(2) The proof of this item is obvious. 


(3) We will use the Equation19} As we know that Cron.) (Ai) = Sec) As) and nron,) (Ai) = 
NG(m,) (As), for i,k, we get 


C(FZ).C(Gg) (20) 
IEF 3). Cz 

_ Weer Elka ( (Crema) + Cnr Gm))°) 

ase ((Geviny(®d)° + (nea). ) * \fEka Dkr ((Camy0))® + (nay) 


=1. 


CC(Fz, Gg) = 


Definition 4.6. Let Ig => {(r\5i, Cr(m,) (A is NF (np) (A; )): ri E Lt} and Gy= = {(ri, GGGa,) Ad) Net) ( 
lambda;)) : A; € LU} be two FFHSSs. Then, their KK is defined as 
CU Gg) 
max {1 E(Fz), [E(Gg)} 


2 ya (cer mer i) * (Cocin yA ))° a5 (ne cing)(As)) * (nacinny(As))°) 
max { 77h, Deer ( (Cremey(Ai))® + (me cagy))°) seer Dea ((Govmny(Ad)° + (necinys))°) } 


Theorem 4.7. Let FZ = {(Ai, Cron) (A), MPG (Ai) | Ai © UF and Gy = {(Ai, Ca(rng) At) MG (rag) As) § 
vi € U} be two FFHSSs. For the KK in Equation|2] 

(0< CCm (Fz, Ga) <1. 

(2) CCu (Fy, Gg) = CCm (Gg, Fy), 

(3) If FZ, Gy, that is, _ each i,k, Crcmy) (At) = Ca(mmey (Aa) and Neng) At) = Neon) Ai), 

then CO (Fey, Gg a) = 


CCm(Fy,Gg) = (21) 


The proof of this theorem is similar to Theorem 


15 


In this day and age, it is critical to examine the weights of FFHSS in practical appli- 
cations. The choice may change when the decision-maker assigns different weights for each 
alternative in the universe of discourse. As a result, it is critical to plan the weight before 
making a selection. Let Q = {01,Q2,---,Qm}" be a weight vector for experts such as 
OQ, > 0, 27h, Qe = 1, and y = {71,72,°++,I%n}" bea weight vector for parameters such 
as y; > 0, 78, % = 1. By extending Definitions and we create the weighted 
correlation coefficient between FFHSSs in the sections that follow. 


Definition 4.8. Let FZ = {(As Cron) A is NF (np) (A; )): vNG € Lt} and Gg= = {(As; Gee.) Os), Net, (Aa) : 
Ai € U} be two FFHSSs. 


- Cw (Fy, Gg) 
a at JIEw (Fy)..,/TEw Gg 
7 dopa Qk oa vi ew * ies rags) + (mecingy (Ai) * (newns)(s))")) 
Vee On (Lai (Crome)? + (ney ene 1% (Tr % ((Gaviny AD)” + (Magny Ad)" 


is called KK between Fz, Gg 


Definition 4.9. Let FZ = {(Xi, Crom) (Ai), Me(rmy) (Ai) ¢ Av € MY and Gy = {(Ai, Ca(m,) (Ai), Na(m,) Ai) 
Ai € U} be two FFHSSs. 


Cw (Fy, Gg) 
max (IEw Fz * [Ew (Gg) 


pee ep * (Crema)? * (Cogs) is (ner (ing)(As)) * (navin)())")) 
max )>,—1 Q% (ees Vi ((Grony(s))° + (n(x) (Aa) °)), kei (os i ((Caviny(A0))° 3 (necn)(s))°) 


CCmw (Fy, Gg) = 


is called KK between Fz, Gg 


Theorem 4.10. Let Fz = {(4i, Cr (ing) (Aa)s Me(ain,) Ai) > Ay € LU} and Gg = {(4, Cac, (As): NEGH,) (As) : 
Ai; € LU} be two FFHSSs. Then, 
(1) O0< CCuw(Fy, Gg) Sl 
(2) CCuw (Fy, Gg) = CCmw (Gg, Fy), 
(3) Lj ig Ge: that 18, = each 1, k, CF(mx) (A i) = Cac (mz) )i)) and NF (my) (Aa) = NG(me) (Az); 
then CCuw (Fy, Ga =a)= 


Proof. (1) The inequality CCuw(Fz,Gg) = 0 is trivial, and here we only need to prove 
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that CCuw (Fy, Gg) < 1. Then, 


Cuw (Fz, Gg) 


2% (>: %4 (Crome)? * (Gouna)? + (ne—mIea0)” * OD) 


i=l 


a 3 3 3 3 
> (42 ((Crmycrey)” * (Govminyors))” + (Me Gm)02))” * (MevmN02)) )) 
” 3 3 3 3 
+ (Me ((Ceciey rnd) * (Ce(me)(an)) + (Me(nn)(an)) * (Nee) (An) )) 


k=1 
{2 (ma ((Groman) * Geeman)” + (egyon)” * (negmyean)’)) 
2 (m1 ((Gremayon)” * (Goma) + (ne~may0)” * Mavmaa0)”)) 


3 3 3 3 
$m (94 (Ce ciim))” * (GeoramyOx))” + (MP GmIO)) * (MECnIOr)) ))} 


3 3 3 3 
{2 (an ((Gromy0))” * (Ce0m0))” + (neGaiy02)) * (Neon.y02))”)) 
22 (91 ((Groinay02))” * (Cecma)02))” + (neGn2)02))” * (Nevaa)02)) )) 


+m (94 (Ce eimd2)) * (Goma) + (PG m)O2))” * (NEGm)(2)))) 


oer {2 (an ((Grvinyeand)” * Gacmran)” + (ne Gy60)” * Me~yen)))) 
3 3 3 3 
M (a1 ((Crciay(any)” * (Geciay(any)” + (MP GMa\An))” * (Nata) a) )) He 


3 3 3 3 
Om (41 ((Geciamd(Aud) * Cabrrmd(nd) + (MP Gm) And) * (NECm nd) ))} 


{2 (Vii (Crome) * V7 (Cooma) + VE (MPG) 0a) * VA (MaGmay04))) 


Q (Va (Grcana)(ay) * V1 (Catinay(ar)) + V7 (ME(aina)(n)) * V7 (navman) ) 
+m (VE (GreiimyQny)” * VF (Ca¢imyQn))” + VT (Me GHmOx)) * VTE (Macimy2))") 
M4 (78 (Gremio)? * V7 (Goma) + VB (MPGM)A2)) * VB (NacmI>2)) ) 

Q (V7 (Gir(iis)(aa)) * V2 (Geina)(d2)) + V2 (NF(aina)(d2)) * V2 (nevnay)) 
+m (V8 (GreiimdQ2))” * V7 (Ca¢im)2))” + VB (MPGFm)2)) * VIB (acim) ) 
4.1 (V7m (Ceomyen)” * Vm (Garman) + VFm (MPMI) * Vm (Magny) ) 
Q (We (i(iia)(an)) * Vm (Catiia)(An)) + Vm (ME G2)An)) * VI (navins)rn)) 


3 3 3 3 
Om (VF (Cr¢F mad)” * VF (Gam nd) + VFR (MEF \And) * VT (NEGF nd) ) ! 
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7 { VET CGeomyon)*« VT oem) + Vivi (neomyay) *V%aV7 (Neon) 


Tv VO (Sr(ia)(ar)) ‘ Vi (Cece) a) at VOT (nF, (m2) ( oa) # * /QoVii (nac (amz2) Yon) 
a ee Vm JN (Cavaceu) * VOmSV (Certo) at VOm/N1 (nF (i!m)Qa)) * VOmnVi (na(m)or))” 
Vu (V2 (Cr(msy(ra)) «Jur (Sacimayir2)) +J/uV72 (ne(na)(2)) « J/Qu/72 (na(m)o2))”) 


+ 

+ V2 (V7 (Cepinayirsy)” * VM2V7B (Gatiiayiaa)) + VO2V 7 (MP GIa\(A)” * VO2V7 (Nevnay(A2))”) 
+ . 

+ 


+ Om (VB (Croami(d2)) * VOm VB (Catia) + VOm VB (ME Gn) 02)) * VOmV 7B (NECim)(2)) ) 
4 J% (V7 (Cran) * Viv In (Cooma) +-V OV In (NEGA) * VUV In (Netar)(an)) ) 
+ V2 (V7 (Cronayan)) * VQ2VTe (Copnay(any) + VO2V Tm (MP2) AW) * VO2V 7H (NeoIa\(Aw)) ) 


S + Om (V7 Vn (CFU im) nd) * VQmV Fn (Catrim\(dn)) + V 2m V Fn (NP Cm)dn)) * VQmV Fe (NE Fim)n)) 


Using the Cauchy-Schwarz inequality, we get 


~* 


OuwlFy.Ga) < 
fe 


4 (So ( Crom) (i) * (ory ()")) 
as (Sor ( Catiin) (i) ites 


ite 


k=1 


Cuw(Fy, Gg) < lEmw(Fy).1Emw (Gg) 


Therefore, 


Cuw(Fy,Gg ) < /TEuw (Fy )*IEuw(Gg 


and so 0 < Cuw(Fy, Gg) <1. 
The proof of item (2) is obvious. 
(3) From Equation [22| we have 


COw Fag Ca) = TTS TE 
aM (la % ((ceny( “ : a Xi)? + (mega)? * (neoan) O))”) ) 
‘a 1% (Ela 7 ((Ceeay(A)® + (ner. ))®)) # yf Ta Me (Sav (Garay)? + (nay &)* 
Take Crim,) (Ai) = Ca(m,) Ai) and nro.) (Ai) = aie for all 7,k. Hence, 
COR aa) = Th ae ( 
7 wm (=n 1% — (Xi))° + ee) 
- (=e O (Lr 74 (Ceci)? + (nen) ase 1% (Lae ( Gaping As)? + (naga 0)? 


( 
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Definition 4.11. Let Tj, = (Gis Min), Tina = (Gis Minas), nd Try, = (Gigs Minyy) be 
three FFHSNs and a be a positive real number; by algeabric norms,we have 


(1) Tra Tino = (9/63. + Cy _ CS es) 


(2) Lat x Trae = (Grous ins ons, + 115 i Wi Prcas 
(3) aTn, = ( i==@) 1%, ) 


(4) T2, = (G4, /1- -78,.)",) 


Based on the foregoing rules for the collection of FFHSNs, certain averaging and geo- 
metric aggregation operations for FFHSSs have been established. 


Definition 4.12. Let a = (Gni;»Mmi;) be a FFHSN, Q; and y; be the weighted vectors 
with A; > 0, 7,9 = 1, y; > 0, and T_,% = 1.Hence, FFHS weighted averaging 
operator is characterized by FFHSWA: A” + A, which is given as follows: 


FFHSWA(Ta,,; Tina) i » Trin ) _ Pet fa QT sy) 
m n Yi om n ek 
3 Q5 Q; 
= (-Tt(t6-2.)") I(T") 
j=1 V=1 j=1 \Vi=1 


Definition 4.13. Let ‘cn — (Caij> de, ) be a FFHSN, Q; and y; be the weighted vectors 
with 9; > 0, 3,2 = 1, yy > 0, and _, 4% = 1. Then, FFHS weighted geometric 
operator is defined as FFHSWG: A” + A, which is defined as follows: 


FFHSWG(Tyai) Tine, oe cat = wa Yi (Rt 0:T,,) 


ll 
rs 
———N 
= 
L 
= 
sy 
1.) 
Se 
2 
i 
= 
| 
= 
————N 
or 
Poa 
in 
| 
To 
aa, 
+e) 
K—” 
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5 New Approach 


In this part, we will continue the TOPSIS approach for FFHSS information based on K Ks 
to construct a framework for solving DM concerns. The TOPSIS approach was created and 
applied by Yoon Hwang to promote the order of assessment components of positive(PIS) 
and negative ideal solutions(NIS) for DM challenges. Using the TOPSIS technique, we will 
be able to find the best potential options with the shortest and biggest distances to the PIS 
and NIS, respectively. By using rankings, the TOPSIS approach assures that the correlation 
measure can discriminate between positive and negative ideals. In general, researchers use 
the TOPSIS approach to determine proximity coefficients, unique distance forms, and sim- 
ilar measurements. By using rankings, the TOPSIS approach assures that the correlation 
measure may be utilized to discriminate between positive and negative ideals. In general, 
researchers use the TOPSIS approach to determine proximity coefficients, unique distance 
forms, and similar measurements. Because the correlation measure preserves the linear rela- 
tionship between the elements investigated, the TOPSIS approach using K Ks is preferable 
for identifying closeness coefficients rather than distance and similarity measurements. A 
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TOPSIS approach for selecting the best choice is shown by leveraging the created KK. 


Scenario: 
Let’s consider a set of ”s” alternatives such as A = {A!, A?,--- , A%} for the evaluation 
of the EF = {Fy, Eo,--- “BA expert team with Q = (Q;,Q2,--- ,Q,)" weights providing 
Q; > 0, et Q; = 1. Let D = {di,do,--- ,dm} specified as a set of attributes. Let 
T = {(tip X top X +++ X dmp), for all p € {1,2,--- ,t}} be a collection of sub-attirbutes with 
Y = (Yip; J2p.°** > Ymp)” weights satisfying the conditions > = 1 yp > 0, aaa Yp = 1. The 
elements in the collection of sub-attributes are multi-valued; for the sake of convenience, 
the elements of T can be expressed as T = {dg : 0 € {1,2,cdots,k}}. The team of experts 
{E; : i,1,2,--- ,n} evaluate the alternatives {A@ : z = 1,2,---,s} based on the desired 
sub-attributes of the considered Nas as {da :0=1,2,--- ,k} given in the form of FFH- 
SNs such as (TP )nxo = = (554 me )) .x9, where 0 < Cane < land (2) + < 1 for alli, j. 


Algorithm: 


Step 1. Create a matrix in the form of FFHSNs for each alternative {A@ : z = 
1,2,--- ,s} by utilizing sub-attributes of the supplied attributes such as: 


9 o] 


(GG) Grae) °° GTi 
2) a BS) oF A 
Col eae A (27) 
@ 2) -@ 2) .. -&) ,@ 
(Cig? (2?) Chao? Vd. 


Step 2: Normalize the collective information decision matrix by using the normalization 
procedure to turn the rating value of the cost-type parameters into benefit-type parameters: 


(2) 


ae Ti, = ng ne , for cost-type parameter 
7 Ty = ene ye) , for benefit-type parameter 
a ig ig 


Step 3: Construct the weighted decision matirx for each alternative (a ie (ay Dt 
where 


Te) Sqr = (ye (0-2,)")"(a)")") = (Gin) 8) 


Step 4: Find the indices hig = argmax {6} and gij = argmin.{o} for each expert 
E;, and sub-attribute d; from correlation coefficient matrices and determine the PIA and 
NIA based on indices as follows: 


shies he; 
L* = (GF nz axa = ( dod, (29) 


ING ag avo Ce) (30) 


Step 5: Calculate the Kk between each alternative of weighted decision matrices AO 
and PIA Lt: 
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p®) = cc(a”, 1+) (31) 
SR he (Peg +a! ent) 


fenmn. (6) 00) fence ((@)+04)) 


Step 6: Compute the correlation coefficient between each alternative of weighted deci- 
e | lz) = 
sion matrices A’’ and NIA L7: 


g®) = co(a”,r-) (32) 
Se = +f «n3,) 


emir, ((2)' + (@)")-fom.em ((,)' +(a,)) 


Step 7: Calculate the closeness coefficient for each alternative: 


R® = (33) 


where 


lI 
an 
| 
a 
= 
XR 
SS 


H(A, L-) 
HA? Ey = 129, 


Step 8: Select the alternative with a maximum value of the closeness coefficient. 


Step 9: Analyze the ranking of the alternatives. 


6 Numerical Examples 


This section has been written to verify the suggested approach. The material for the femoral 
component of the hip joint prosthesis will be chosen following the procedure described in the 
preceding section. There are several approaches in the literature for selecting this biomedical 
material. 


The femoral head and the acetabulum are the two main components of the hip joint, 
which is a crucial load-bearing joint in the human body. The femoral head is what at- 
taches to the acetabulum, a socket in the pelvic bone, to create the hip joint. The femoral 
head can move inside and outward, anterior and backward, and in circles within the ac- 
etabulum (Fig. |4). The hip joint’s primary function is load carrying, therefore it has to 
have a suitable range of motion and stability. Hip arthroplasty is a surgical treatment used 
to replace or rejuvenate a hip joint that has been badly damaged or calcified (osteoarthritis). 


The best course of treatment for significant discomfort, mobility restrictions, and short- 
ness that interfere with everyday activities is hip replacement. The success of applying hip 
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Figure 4: Healthy Hip 


prostheses is increased by using implants with the right materials and design elements. Nu- 
merous prostheses have been created in the present day with various construction materials 
and characteristics. The prosthesis should be easy to manufacture, affordable, dependable, 
and long-lasting thanks to the design and material characteristics of the implant that has 
been chosen. The choice of materials for hip replacement prostheses is problematic since 
the design calls for a number of distinctive key qualities that are challenging to develop in 
a single material. 


An ideal biomaterial is expected to have extremely high biocompatibility, meaning there 
won’t be any negative tissue reactions when it’s implanted within the human body. In addi- 
tion, it must have bone-like density, high mechanical power, low elastic modulus, and good 
corrosion and fatigue resistance. 


The femoral component, the acetabular cup, and the acetabular interface are the three 
primary components of a hip prosthesis. The femoral component, the acetabular cup, and 
the acetabular interface are the three primary components of a hip prosthesis. To replace the 
native femoral head, a robust metal pin is placed into the hollowed-out shaft of the femur. 
To replace the native femoral head, a robust metal pin is placed into the hollowed-out shaft 
of the femur. The acetabulum is filled by an acetabular cup, a soft polymer molding linked 
to the ilium. The acetabular interface is positioned between the femoral component and the 
acetabular cup and can be made of a variety of materials to reduce frictional wear debris. 
The hip joint prosthesis is shown in Fig. [5] in its normal shape and location. 


Various stresses and effects are applied to biomaterials in various human body compo- 
nents. For instance, daily activities exert strains of 4 MPa on bones and 40-80 MPa on 
tendons. When doing actions like jumping, the strain on a hip joint can increase to up to 
ten times its weight from the typical three times. Throughout the course of the day, actions 
including standing, jogging and sitting cause these stressors in the body repeatedly. Bioma- 
terials may become worn down, break, or deform plastically due to these repeated motions. 


It has been experimentally measured that the femoral head is loaded up to 3.5 times the 
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Figure 5: Hip joint prosthesis 


body weight (80 kg body weight) during walking, showing that total hip prostheses must 
be sufficiently resistant to these loads. At the same time, these prostheses must be resistant 
to abrasion caused by friction in the joint. Today, in a hip prosthesis; Vitallium (Co-Cr-Mo 
alloy), stainless steel, high-density polyethylene, polymethylmethacrylate, and titanium and 
titanium alloys are used. 


Let’s assume that there are four orthopedists in the group that will decide on the selec- 
tion of biomaterials(O = {O1, O2, O3, Ox}). 


Orthopedists with weights (0.2, 0.3, 0.4, 0.1)”, including A = { Aj, Ag, A3, Ax}, (vitallium(Co- 
Cr-Mo), stainless steel, high-density polyethylene, polymethylmethacrylate, titanium and 
titanium alloys) the set of biomedical materials, evaluate the grades of these material types. 
The group of orthopedists decides the criteria(attirbute) for the choice of biomedical mate- 
rials as: L = {f,, fo, €3} (strength, resistance, tolerance). The sub-attributes corresponding 
to these attributes are: €; = {d11,di2} (Tensile strength, Fatigue strength), 02 = {d21, doz} 
(corrosion resistance, relative wear resistance), €3 = {d31, d32} (Tissue tolerance, elasticity). 


Let T = Ly, x by x bg be a set of sub-attributes: 


T = by x by x l3 = {di1, diz} x {doi,de2} x {d31, d32} 


= {nde (dy, doi, d32), (di1, daz, ds1), (di1, doo, d32), 


(dia, dai, d31), (dia, di, d32), (dia, dz, d31), (dio, dz2, ia)| 


Let T’ = {d,,d2,d3,d4,ds,d¢,d7,dg} be a set of all multi-sub-attributes with weights 
(0.12, 0.18, 0.1, 0.15, 0.05, 0.22, 0.08)”. Each orthopedist will evaluate the ratings of biomed- 
ical materials in the form of FFHSNs for each sub-attribute of the considered parame- 
ters(Tables 1-4). The developed method to find the best alternative is as follows: 
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Step 1: Create decision matrices for each alternative under defined multi-sub-attributes 
based on each decision-FFHSN maker’s rating. 


Step 2: Because all of the criteria are of beneficial kinds, they must be normalized. 


Step 3: Using Equation [28] from Tables 5-8, create a weighted decision matrix for each 


alternative A“ = (anes 


Table 1: Decision Matrix for AM 


AW) dy do d3 d4 ds de dy ds 

O1 | (0.33, 0.75) (0.72, 0.29) (0.64, 0.75) (0.59, 0.32) (0.25, 0.35) (0.46, 0.54) (0.52, 0.76) (0.88, 0.32) 

Oz | (0.59, 0.73) (0.37, 0.64) (0.25, 0.49) (0.92, 0.27) (0.34, 0.82) (0.27, 0.46) (0.73, 0.55) — (0.44, 0.65) 

Oz | (0.75, 0.35) (0.28, 0.61) (0.17, 0.66) (0.34, 0.48) (0.46, 0.69) (0.87, 0.47) (0.61, 0.78) — (0.28, 0.53) 

O. | (0.83, 0.45) (0.29, 0.84) (0.25, 0.47) (0.46, 0.68) (0.63, 0.58) (0.55, 0.69) (0.47, 0.56) — (0.83, 0.37) 
Table 2: Decision Matrix for A?) 

A?) dy do d3 da ds de dz dg 

O, | (0.69, 0.64) (0.32, 0.46) (0.67, 0.55) (0.33, 0.82) (0.58, 0.52) (0.46, 0.62) (0.73, 0.61) (0.47, 0.81) 

Oz | (0.83, 0.55) (0.73, 0.46) (0.93, 0.19) (0.75, 0.33) (0.43, 0.65) (0.95, 0.16) (0.28, 0.67) (0.31, 0.82) 

Oz | (0.36, 0.72) (0.48, 0.57) (0.42, 0.78) (0.35, 0.65) (0.62, 0.65) (0.37, 0.57) (0.91, 0.18) (0.68, 0.23) 

O. | (0.53, 0.54) (0.69, 0.58) (0.87, 0.25) (0.86, 0.48) (0.93, 0.25) (0.27, 0.44) (0.53, 0.66) — (0.67, 0.35) 
Table 3: Decision Matrix for A‘) 

A) dy do d3 da ds de dz dg 

O, | (0.51, 0.71) (0.83, 0.46) (0.68, 0.45) (0.46, 0.36) (0.48, 0.82) (0.28, 0.38) (0.83, 0.44) (0.75, 0.54) 

Oz | (0.79, 0.52) (0.77, 0.34) (0.86, 0.22) (0.55, 0.24) (0.53, 0.68) (0.72, 0.46) (0.66, 0.59) (0.61, 0.42) 

Oz | (0.63, 0.78) (0.45, 0.56) (0.61, 0.63) (0.65, 0.48) (0.69, 0.54) (0.77, 0.46) (0.54, 0.77) (0.46, 0.52) 

O. | (0.48, 0.67) (0.89, 0.31) (0.35, 0.54) (0.56, 0.68) (0.36, 0.55) (0.77, 0.51) (0.77, 0.39) (0.34, 0.38) 
Table 4: Decision Matrix for A“) 

AW) dy do ds da ds de dz ds 

O1 | (0.50, 0.69) (0.79, 0.54) (0.76, 0.45) (0.43, 0.36) (0.48, 0.92) (0.26, 0.46) (0.81, 0.44) (0.72, 0.52) 

Oz | (0.77, 0.45) (0.63, 0.48) (0.83, 0.55) (0.57, 0.26) (0.53, 0.69) (0.70, 0.46) (0.69, 0.63) (0.61, 0.45) 

Oz | (0.56, 0.45) (0.44, 0.77) (0.52, 0.67) (0.35, 0.49) (0.72, 0.61) (0.68, 0.55) (0.41, 0.88) (0.58, 0.18) 

O. | (0.43, 0.67) (0.18, 0.34) (0.74, 0.45) (0.56, 0.78) (0.33, 0.54) (0.77, 0.34) (0.33, 0.58) (0.27, 0.55) 


Step 4: Determine the PIA and NIA based on indices by using Equations [29] and [30] 


LS 


(0.5987, 0.8799), 
(0.4874, 0.9678), 
(0.6875, 0.9436), 
(0.6948, 0.9903), 
(0.4957, 0.9115), 
(0.4520, 0.9867), 
(0.7784, 0.9961), 


0.7465, 0.9753), 
0.5778, 0.9629), 
0.8964, 0.9123), 
0.8471, 0.9445), 
0.8026, 0.9743), 
0.7285, 0.9862), 
0.6575, 0.9576), 


(0.5295, 0.9167), 
(0.7787, 0.9489), 
(0.7567, 0.9289 
(0.7345, 0.9428), 
(0.7639, 0.9388), 
(0.6987, 0.9861), 
(0.6447, 0.9808) 


) 
) 
), 
) 
) 
) 


(0.6427, 0.9645), 
(0.8219, 0.9648), 
(0.8946, 0.9133), 
(0.8578, 0.9075), 
(0.6812, 0.9416), 
(0.5028, 0.9748), 
(0.7855, 0.9822) 


— 


0.6019, 0.9426), 
0.6219, 0.9572) 
0.8977, 0.9710), 
0.6122, 0.9313 
0.7709, 0.9617), 
0.7468, 0.9556), 


— 


a> a a 


) 
), 
) 
) 


(0.7802, 0.9726), 
(0.7725, 0.7762) 
(0.8895, 0.9269), 
(0.7197, 0.9313 
(0.8547, 0.9702), 
( 


) 
), 
) 
0.7438, 0.9859), 


(0.6249, 0.9784), 
(0.7152, 0.9726 

(0.6459, 0.9533), 
(0.7170, 0.9698), 
(0.4783, 0.8874) 
(0.8575, 0.9914), 


) 
), 
) 
) 


0.6937, 0.9476), 
0.7359, 0.9576), 
0.8827, 0.9687), 
0.8892, 0.9426), 
0.8967, 0.9874) 
0.6618, 0.9772), 


>> a > 


FS ps 


( 
( 
( 
( 
( 
( 


( 
( 
( 
( 
( 
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0.8194, 0.9704), 
0.5909, 0.9468), 
0.7965, 0.9899), 
0.8427, 0.9583), 
0.6523, 0.9905), 
0.4431, 0.9876), 


0.8895, 0.9786), 
0.6968, 0.9681), 
0.4462, 0.9036 
0.8167, 0.9365), 
0.9053, 0.9315), 


) 
) 
), 
| 
0.7614, 0.9839), 


Step 5: Compute the KK between za” and PIA L* by using Equation given 


p = 0.97724, p?) = 0.96823, p®) = 0.96182, p\) = 0.96221. 


Step 6: Compute the KK between Az” and NIA L~ by using Equation given 
gq) = 0.95651, g°) = 0.96107, g) = 0.96463, q*) = 0.96501. 


Table 5: Weighted Decision Matrix for a” 


AQ) 


dy 2 d3 d4 ds dz dg 
O71 (0.716, 0.983) (0.548, 0.957) (0.6681, 0.9852) (0.664, 0.948) (0.815, 0.909) (0.502, 0.987) (0.8381, 0.9743) (0.6719, 0.9726) 
O2 (0.7137, 0.9782) (0.7308, 0.9827) (0.7895, 0.9927) (0.9190, 0.9311) (0.8704, 0.9617) (0.5674, 0.9314) (0.8312, 0.9735) (0.8272, 0.9849) 
O38 (0.7534, 0.9384) (0.6322, 0.9412) (0.7362, 0.9648) (0.7469, 0.9345) (0.9019, 0.9768) (0.4868, 0.9258) (0.8132, 0.9592) (0.7791, 0.9647) 
O4 (0.6382, 0.9817) (0.5114, 0.9696) (0.6835, 0.9901) (0.6355, 0.9793) (0.8547, 0.9695) (0.4874, 0.9873) (0.7686, 0.9864) (0.6434, 0.9879) 
: : i : qq” 
Table 6: Weighted Decision Matrix for 
A@) dy 2 dz d4 ds 16 dz dg 
O71 (0.6786, 0.9789) (0.6278, 0.9786) (0.7891, 0.9794) (0.6749, 0.9746) (0.9011, 0.9885) (0.5924, 0.9678) (0.8137, 0.9768) (0.7892, 0.9825) 
O2 (0.7609, 0.9742) (0.6069, 0.9493) (0.7108, 0.9504) (0.9111, 0.9294) (0.4599, 0.9206) (0.8029, 0.9879) (0.7046, 0.9879) (0.6902, 0.9731) 
03 (0.7912, 0.9495) (0.7408, 0.9518) (0.7785, 0.9902) (0.7315, 0.9414) (0.6377, 0.9189) (0.8824, 0.9726) (0.7686, 0.9392) (0.9104, 0.9388) 
O4 (0.7316, 0.9819) (0.4389, 0.9839) (0.5588, 0.9812) (0.6792, 0.9789) (0.9899, 0.9891) (0.4408, 0.9769) (0.7613, 0.9913) (0.6706, 0.4335) 
oes oh Zz 
Table 7: Weighted Decision Matrix for 
AG) a 5 ds ay ds ay dg 
O71 (0.7499, 0.9814) (0.6099, 0.9674) (0.7902, 0.9826) (0.6708, 0.9730) (0.8515, 0.9901) (0.5978, 0.9708) (0.8112, 0.9845) (0.7625, 0.9826) 
Oo (0.7613, 0.9687) (0.6095, 0.9491) (0.7106, 0.9469) (0.8984, 0.9903) (0.4678, 0.9263) (0.6102, 0.9671) (0.8107, 0.9905) (0.7106, 0.9866) 
03 (0.8687, 0.9175) (0.7005, 0.9326) (0.9116, 0.9592) (0.7407, 0.9510) (0.8606, 0.9718) (0.6909, 0.9418) (0.8489, 0.9718) (0.8868, 0.9488) 
O4 (0.7316, 0.9901) (0.5143, 0.9699) (0.7481, 0.9904) (0.6105, 0.9830) (0.8519, 0.9924) (0.6102, 0.9805) (0.7843, 0.9827) (0.7612, 0.9804) 


Step 7: Compute the closeness coefficient by using Equation RY = 0.77498, 
R®) = 0.55478, R@) = 0.43854, R@ = 0.47487. 


Step 8: Choose the alternative with maximum closeness coefficient R™ = 0.77498, so 
A“) is the best alternative. 
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Table 8: Weighted Decision Matrix for a” 


d 


d 


d 


d 


d 


d 


d 


a’® dy 

O71 (0.6905, 0.9905) 
O2 (0.7608, 0.9699) 
O03 (0.8716, 0.9398) 
O4 (0.7313, 0.9904) 


2 
(0.6702, 0.9547) 
(0.6127, 0.9526) 
(0.7409, 0.9467) 
(0.4424, 0.9718) 


3 
(0.7131, 0.9804) 
(0.9103, 0.9343) 
(0.8905, 0.9299) 
(0.7216, 0.9913) 


4 
(0.7104, 0.9624) 
(0.7801, 0.9291) 
(0.8497, 0.9638) 
(0.6721, 0.9812) 


5 
(0.8124, 0.9790) 
(0.9114, 0.9786) 
(0.6501, 0.9465) 
(0.8520, 0.9956) 


6 
(0.5108, 0.9615) 
(0.6494, 0.9535) 
(0.8620, 0.9704) 
(0.6605, 0.9560) 


id 
(0.8107, 0.9784) 
(0.9116, 0.9596) 
(0.9007, 0.9612) 
(0.7684, 0.9954) 


8 
(0.7291, 0.9795) 
(0.8617, 0.9545) 
(0.8514, 0.9772) 
(0.6909, 0.9912) 


Step 9: Analyzing the ranking of the alternatives, we can see R@) > R@) 
R®), so the ranking of the alternatives is AY’ SA” s A 


(4) 


> A? 


> RY > 


7 Discussion 


7.1 Comparison 


We may use Zadeh’s [51] approach to process the MD of the attributes, however, this method 
cannot handle the NMD and sub-attributes of the considered parameters. Zhang et al. [52] 
employed MD and NMD to deal with uncertainty, although these theories have limitations, 
such as when the sum of MD and NMD exceeds one, these theories are unable to handle 
the situation. Yager developed the PFS to solve these concerns, but it is incapable of 
dealing with the parametric values of the alternatives. The FSS was created by Maji et al. 
[26] to handle various parameterizations. 

The FSS is unaware of the NMD of the alternative’s qualities and is only concerned 
with the MD of the attributes. In contrast, the MD and NMD are used in our proposed 
PFHSS to control uncertainty. Maji et al. proposed using MD and NMD of features 
with parameterization to account for uncertainty in the IFSS. The IFSS cannot deal with 
problems when the sum of MD and NMD is more than one. In contrast to the IFSS, Peng 
et al. [31] developed the PFSS to effectively manage ambiguity. All of the aforementioned 
theories fail to manage situations where qualities contain sub-attributes. 

The FSS does not know the NMD of the characteristics of the alternative, and it solely 
deals with the MD of the attributes. In contrast, our proposed PFHSS manages uncertainty 
by employing the MD and NMD. Majiet al. [27] suggested the IFSS account for uncertainty 
by employing MD and NMD of characteristics with parameterization. The IFSS is unable 
to tackle issues where the total of MD and NMD is more than one. In comparison to IFSS, 
Peng et al. [31] created the PFSS to handle ambiguity properly. When qualities contain sub- 
attributes, all of the aforementioned theories fail to manage the circumstance. Zulqarnain 
et al.[54] used the IFHSS environment to propose the TOPSIS technique for dealing with 
uncertain scenarios using MD and NMD in which the total of the researched parameters’ sub- 
attributes cannot exceed one. When the sum of MD and NMD of sub-attributes exceeds 
one, as in Crym)(A) + Ne~m)(A) = 1 IFHSS cannot handle the situation. To get over the 
above-mentioned limits, we transformed the IFHSS to PFHSS by modifying the condition 
Crom)(A) + Mec) (A) < 1 to Crcay(A)? + nem) (A)? < 1. Instead, as demonstrated in Table 
51, the technique we proposed is a complex strategy that can cope with alternatives with 
varying sub-attribute information. On the contrary, the developed method in this work 
addresses uncertainty by employing the MD and NMD of various sub-attributes. As a 
result, the suggested approach outperforms existing methodologies and, without a doubt, 
generates superior results for decision-makers during the decision-making process. 

According to the information given in Table [9] we can briefly explain the advantages of 
the methods: 


FS [5]] handles uncertainty using fuzzy intervals. IFS{52] handles uncertainty using MD 
and NMD. PFS([46]) deals with more uncertainty using MD and NMD than IFS. FSS[26} 
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Table 9: Comparative Analysis 


Set Truthiness Falsity Attributes Sub-attributes 
FS YES NO YES NO 
IFS[52] YES YES YES NO 
PFS((46]) YES YES YES NO 
FSS[26] YES NO YES NO 
IFSS[27] YES YES YES NO 
PFSS[31] YES YES YES NO 
IFHSS YES YES YES YES 
PFHSS[55] YES YES YES YES 
FFHSS(Our method) YES YES YES YES 


handle uncertainty using fuzzy range with their parameterization. IFSS[27] deals with more 
uncertainty using MD and NMD with their parameterizations. PFSS [31] deals with more 
uncertainty than IFSS. IFHSS[54] handles the uncertainty of multiple sub-attributes using 
MD and NMD. PFHSSJ55] deals with more uncertainty than IFHSS. FFHSS, by definition, 
deals with more uncertainty than PFHSS and IFHSS. 


7.2 Superiority of the new approach 


The FFS is a generalization of the classical set, which consists of the FS, IFS, and PFS. PFS, 
as one of the most common extensions, is differentiated by the degrees of membership and 
nonmembership satisfaction with regard to the criteria, where their total squares are equal 
to or less than 1. In some cases, the decision-maker may offer the degree of membership and 
nonmembership of a specific feature in such a way that the sum of the square is greater than 
1. Asa result, the PFS does not handle this instance effectively. To address this limitation, 
FFS theory is one of the more extensive ones that can handle not just partial information 
but also uncertain information and inconsistent information, both of which are commonly 
present in practical settings. As a result, actual scientific and technical applications are 
better suited for decision-making using Fermatean fuzzy information. 


Making judgments regarding real-world situations, or finding solutions to them, is chal- 
lenging and complex. Therefore, it is crucial to reduce uncertainty while making a decision 
in order to select the best option or alternatives. The connections between the inputs must 
also be handled effectively for decision-making to be most beneficial. We put out a fresh 
approach that combines the benefits of FFS and KK to demonstrate the presence of the 
association between the variables. 


A combination of interval-valued fermatean fuzzy sets with Fermatean hesitant fuzzy 
components in the form of interval values is known as an interval-valued fermatean hesitant 
set. Since Fermatean hesitant fuzzy sets are effective instruments for representing more 
complex, ambiguous, and hazy information, interval-valued Fermatean hesitant fuzzy sets 
are expansions of these sets. IVFHFS is explained and used in the process of group decision- 
making. Since membership and non-membership are taken into account concurrently, and 
IVFHFS offers a greater feasible zone between 0 and 1 when decision-makers express their 
agreement and disagreement, it can provide decision-makers more freedom in analyzing un- 
clear and fuzzy information. 


A number of academics have developed an approach that uses the KK for PFSs, as seen 
from the previous studies. As was already established, some scenarios cannot be captured 
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by PFSs, hence the related algorithm may not produce the desired outcomes. 


A specific case of the KK for FFSs is the KK for PFSs. The suggested KK is therefore 
more applicable to a wider range of situations than the current ones, making it better suited 
to real-world problem solving. 


We concluded from this research and comparative analysis that the outcomes of our 
method are more universal than those of existing procedures. However, when compared 
to previous decision-making methodologies, the decision-making process incorporates more 
information to deal with data ambiguity. Furthermore, many FS hybrid structures have 
evolved into FFHSS special instances, and certain acceptable criteria have been added. 
Among these, object-related information may be conveyed more correctly and experimen- 
tally, making it a useful tool for combining erroneous and ambiguous information in the 
decision-making process. As a result, our suggested solution is more effective, versatile, 
simple, and superior to previous hybrid fuzzy set architectures. 


8 Conclusion 


The concept of FFHSS is used to handle problems with insufficient information, ambiguity, 
and inconsistency by taking the MD and ND of the subattributes of the examined attributes 
into account. We created the KK and WKK for FFHSS and exhibited their favorable proper- 
ties. Similarly, an enhanced TOPSIS technique is proposed based on the created correlation 
by taking into account the attribute set with its matching sub-attributes and decision- 
makers. We created correlation indices to discover PIA and NIA. The proximity coefficients 
were constructed based on the well-established TOPSIS approach for rating alternatives. A 
numerical demonstration of how to solve the MAGDM issue using the suggested TOPSIS 
approach has been provided. Furthermore, a comparison study was performed to validate 
the efficacy and presentation of the provided strategy. Finally, based on the findings, it is 
possible to infer that the suggested approach provides more stability and practicability for 
decision-makers during the decision-making process. Future studies will focus on providing 
ideas to various operators in the FFHSS environment about decision-making problems. In 
a given setting, several different structures, such as topological structures, algebraic struc- 
tures, and ordered structures, can be built and examined. This research paper has pragmatic 
bounds and may be quite useful in real-world aspects such as sickness diagnosis, pattern de- 
tection, and economics. We are confident that this publication will open new doors for 
scholars in this subject. 
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